Abstract Background -To assess the possible magnitude of differences between normal populations an epidemiological investigation ofasthma was conducted in two strongly contrasting districts of northern England -rural West Cumbria on the west coast and urban Newcastle upon Tyne on the east coast. Methods -A cross sectional survey of randomly identified men aged 20-44 years was conducted in two phases: phase 1, a postal survey of respiratory symptoms and asthma medication in 3000 men from each district; and phase 2, a clinical assessment of 300 men from each district comprising investigator administered questionnaires, skin prick tests, spirometry, and methacholine challenge tests. Results -The phase 1 (but not phase 2) study showed a small excess of "ever wheezed" in Newcastle (44% versus 40%), but neither phase showed differences between the two districts for recent wheeze or for other symptoms characteristic of asthma. There were also no differences with regard to diagnosed asthma, current asthma medication, spirometric parameters, or airways responsiveness. The prevalence of quantifiable airways responsiveness (PD20 < 6400 dg) was 27 7% in West Cumbria and 28-2% in Newcastle. Regression analyses showed that PD20 was negatively associated with atopy and positively with forced expiratory volume in one second (FEV,); that an association between PD20 and current smoking could be explained by diminished FEV,; and that PD20 was not related to geographical site of residence. Conclusions -Neither airways responsiveness nor the other parameters of diagnostic relevance to asthma varied much between the two study populations, despite the apparent environmental differences. The most obvious of these were the levels of outdoor air pollution attributable to vehicle exhaust emissions, the ambient levels of which were 2-10 fold greater in Newcastle. Our findings consequently shed some doubt over the role of such pollution in perceived recent increases in asthma prevalence. It is possible, however, that an air pollution effect in Newcastle has been balanced by asthmagenic effects of other agents in West Cumbria. (Thorax 1996;51:169-174) Keywords: asthma, epidemiology, airways responsiveness, air pollution.
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There is concern at present over reported increases in asthma symptoms, diagnosis, medication, sickness absence, hospital admission, and death.'-7 These apparent increases in morbidity and mortality have occurred despite advances in the understanding and management of the disease,89 and despite diminishing morbidity and mortality from other diseases amenable to effective preventive and therapeutic intervention.'0 A plausible and popular explanation is that the incidence of asthma is increasing, though trends may have been exaggerated by changes in diagnostic fashion."
Migration and twin studies have shown that asthma is largely an acquired disease determined by environmental factors. 1-14 A logical step towards their elucidation is standardised investigation of populations living under different environmental conditions. Although a number of studies in Britain have reported subjective and objective evidence of asthma prevalence, most have been restricted to single populations and few have used identical methods. Comparisons of prevalence between regions have consequently proved to be difficult, and controversy has arisen over the interpretation of geographical differences and recent time trends in the epidemiology of asthma.
The present investigation was devised to see if there were any differences in the prevalence of asthma in normal populations living in two health districts of the Northern Health Region ofEngland. To provide the greatest opportunity for demonstrating differences several subjective and objective measures of asthma prevalence were included and two strongly contrasting districts -rural West Cumbria on the west coast and urban Newcastle upon Tyne on the east coast -were chosen. These geographical differences confer mild differences in temperature, rainfall, and prevailing wind, considerable differences in the levels of outdoor ambient air pollution from vehicle exhausts and, possibly, qualitative and quantitative differences in airborne aeroallergens. To avoid any confounding effects from sex we chose to study only men. Percentages are given because a few subjects responded "don't know" to some questions.
the questionnaires were sent. We consequently estimate that 2134 questionnaires were delivered appropriately in West Cumbria and 1637 in Newcastle, implying that the true response rates were 84% (95% CI 81% to 89%) in West Cumbria and 84% (79% to 89%) in Newcastle. The mean (SD) age of West Cumbrian respondents was 32-3 (6 8) years and in Newcastle was 32-3 (7-0) years. Table  2 demonstrates that the only significant difference between the two districts was in the prevalence of those who had "ever wheezed", which was higher in Newcastle. Inspection of symptom prevalences for the three mailings indicated that those from the first mailing were generally the highest and those from the second mailing the lowest. Extrapolation of these observed prevalences to assess response bias suggested that the true prevalences were 92-99% (mean 97%) ofthose recorded. Response bias was very similar in both districts. PHASE 2 Recruitment to phase 2 from West Cumbria and Newcastle ceased when 298 and 310 men, respectively, had participated from those responding to the phase 1 study (response rates of 42% and 41%). The mean ages in West Cumbria and Newcastle were 34 1 (95% CI 33-3 to 34 8) and 33-1 (32-3 to 33-9) years which were not significantly different. Socioeconomic profiles (as defined by the Registrar General's classification27) were broadly similar (table 3) , though the West Cumbrian participants were less closely representative of the parent population. '8 Bias towards phase 2 participation was associated with increasing age (odds ratio 1 03 per year) and the presence of positive responses to the six phase 1 questions. The estimated prevalences of positive responses to each question among those not invited to participate were 71-96% (mean 80%) of those recorded by the phase 2 participants after allowing for the effect of age. There was no significant effect of district of residence and there were no interactions between district of residence and symptoms, indicating that similar response biases operated in the two districts. Questionnaires There were no significant differences between the two districts in the prevalence of symptoms consistent with asthma, diagnosed asthma, and current use of asthma medication (table 4) . The subjects from Newcastle had significantly more bronchitic syptoms (regular productive cough) than those from West Cumbria. The prevalence of bronchitic symptoms increased significantly across the social classes I-V, but this was the result of a confounding effect of smoking. Bronchitic symptoms were still more prevalent in Newcastle even after adjustment for age, former smoking, current smoking, and social class. There was no relation, however, between this subjective evidence for chronic <50 <100 <200 <400 <800 <1600 <3200 <6400 PD20 (ig methacholine) "wheezed in last year" were influenced by social class, smoking, and atopy. The more specific symptom of "nocturnal wheeze in the last year" was associated with atopy only. For airways responsiveness, multiple logistic regression analysis and multiple regression analysis for censored data showed that PD20 was positively associated with baseline FEV1 and negatively with atopic status (table 6) . There was no hint of an association with district of residence. A highly significant negative association was found between PD20 and current smoking, but adjustment for baseline FEV1 weakened the relationship to borderline significance, indicating that it resulted largely from the confounding influence of FEV1. These findings are consistent with previous studies.28-33 Airways responsiveness was not influenced by "former smoking". There were no significant associations between log (PD20) and interactive terms combining age and smoking, age and atopic status, or smoking and atopic status.
Discussion
We were surprised by the degree of concordance from the various indicators used to assess the prevalence ofasthma. These included the symptoms described by the participants themselves, the reported diagnoses (and prescribed medications) of their physicians, and the objective measurements of spirometry and airways responsiveness obtained in the study. Such concordance provides confidence for interpreting the results, particularly as the data were obtained by the same investigators in both districts using the same methods and the same equipment. Although response bias was evident in recruitment of the phase 1 and (particularly) the phase 2 participants, it was similar in both districts and consistent with previous studies.3435 We do not think it likely that bias exerted an important influence on the conclusion that there is no important difference between the two districts in the prevalence of asthma.
The absence of such a difference was unexpected because the two districts were chosen for their strongly contrasting environmental characteristics. This implies that the environmental differences were not of much relevance to asthma aetiology, or that relevant factors in one district were balanced by different factors of relevance in the other.
Most prominent among the environmental differences was the contrast between rural and urban settings, and in particular the levels of outdoor air pollution attributable to vehicle exhaust emissions. Although we did not quantify pollutant levels ourselves, contemporary regular monitoring was carried out in both districts for the two pollutants most dependent on vehicle emissions -nitrogen dioxide and small particulates. Both were measured in clear excess in Newcastle compared with West Cumbria, confirming a difference which is intuitively obvious. Current exposures are, of course, less relevant than the exposures that existed when asthma and airways hyperresponsiveness first began in these men, and some of them would not have lived in either district at the relevant time. However, experience with occupational asthma indicates that most affected workers first develop symptoms within one or two years after first exposure, and often within a few months. Furthermore, the mean periods of residence of the participants in West Cumbria and Newcastle were 28 and 25 years, respectively. An important asthmagenic effect attributable to vehicle emissions should consequently have caused an excess prevalence in Newcastle and been readily detectable from the investigation, since marked differences in vehicle use have existed between the two study districts throughout the lifetimes of all the participants.
Our findings consequently suggest that vehicle emissions may not be ofmajor relevance to the aetiology of asthma unless a vehicle emission effect in Newcastle has been balanced by an equal effect from some other factor(s) in West Cumbria. Such a possibility is plausible, though it is not perhaps likely. Of the several other differences between the two districts and the two populations, those associated with climatic, vegetative, socioeconomic, recreational, and occupational variables were of mild or minor degree and hence ofdoubtful importance unless their effects were all exerted in the same direction. There was, for example, a mild but significant excess of dog keepers among the phase 2 men in West Cumbria, and these subjects were more likely to use rugs in their homes, to use coal or gas fires, and to have double glazing. However, the Newcastle men used gas cookers and gas boilers more commonly and, curiously, kept cats and dogs more commonly in childhood. These variables were not associated with any of the diagnostic parameters of asthma, and their inclusion in the regression analyses did not lead to the emergence of "residential district" as a factor significantly associated with asthma symptoms or airways responsiveness.
Differences in exposure to ozone are less easily dismissed, especially as comprehensive monitoring data were not available to compare the two districts. Ozone generation is greatly enhanced when air pollutants from industrial conurbations are slow to disperse because of atmospheric stagnation (stable high barometric pressure), and when there is excess ultraviolet radiation. The necessary conditions for photochemical interaction are particularly favoured when heavily polluted air drifts slowly to country districts of high altitude in summer, conditions which are relevant in West Cumbria. Within polluted cities themselves ozone levels tend to be lower because the production of nitric oxide readily leads to oxidation reactions with ozone, thereby increasing nitrogen dioxide levels but decreasing the levels of ozone. While these processes may have produced higher cumulative exposures to ozone in West Cumbria than in Newcastle, it should be recognised that exposure peaks occur only sporadically in country districts while excess vehicle emissions occur continuously in urban settings.
We did not address the question of whether air pollution from vehicle emissions exacerbates asthma in subjects already affected. It is important to recognise the difference. The evidence that air pollution may increase morbidity in established asthma is already quite strong,36-40though doubts remain as to whether particular measured pollutants such as nitrogen dioxide, ozone, sulphur dioxide, volatile organic compounds, or particulates are truly responsible (whether individually, collectively, or through interactions), or whether they act as markers for additional components of polluted outdoor air.
